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Abstract  
 
Phosphogypsum (PG) is a hazardous waste 
associated with the phosphoric acid production 
using the wet process. PG is considered a relatively 
high level natural uranium series radionuclide 
material, which provokes a negative environmental 
impact and many restrictions on the use of the PG 
waste (only 15% of the PG generated is recycled in 
agriculture, in gypsum board and cement 
industries). The US-EPA has classified PG as 
Technologically Enhanced Naturally Occurring 
Radioactive Material (TENORM). Legislations and 
standard regulations have established maximum 
limits for PG radionuclides concentration and 
exposure. 
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INTRODUCTION 
 
 The enhancing international fertilizer 
demand promotes the production of a large quantity 
of PG waste around the world (100-280 Mt per 
year) [1]. Most of the PG generated is habitually 
stock piled without any previous treatment, which 
represents a potential source of environmental 
contamination (soils, water and atmosphere) [2]. 
Although the PG waste consists mainly of calcium 
sulfate dihydrate, also contains a relatively high 
level of fluoride, certain natural-occurring 
radionuclides and some heavy metals [3]. The 
nature and characteristics of the resulting PG are 
closely influenced by the phosphate ore 
composition and quality, the wet process employed, 
the plant operation efficiency, the disposal method, 
and the age, location and depth of stack [4]. PG is 
considered radioactive due to the presence of 
TENORM such as radium, uranium and their decay  
 
 
products. It found that 80% of 226Ra, 90% of 210Po 
and 20% of 238U and 234U originally present in the 
phosphate rock remain in PG [5] and 226Ra being 
the most important source of PG radioactivity [3]. 
Therefore, the use of PG as soil conditioner or 
fertilizer and as building materials depends strongly 
on the impurities and natural-occurring 
radionuclides content, also on the legislation rules 
applied in each country. Contrary to Japan and 
Australia, where there is a lack of the low-cost 
natural gypsum and/or scarcity of long-term storage 
space, PG has been used extensively in cement, 
wallboard and other building materials. In United 
States this use has been banned and the USEPA 
ruling restricts PG exceeding 370Bq.Kg-1 of 226Ra 
from being used in most applications since 1992 [6]. 
 The majority of the reviewed studies on the 
PG applications have been especially focused on 
calcined PG to obtain anhydrite phase for making 
building and road construction materials [7, 8]. Also 
on the use of PG in cement industry and in building 
materials by the manufacture of solids monoliths in 
which cement, fly ash and lime were incorporated 
[9-11]. The mechanical properties of these 
monoliths materials were widely described. 
However, attention has scarcely been paid to 
discussing the management of the natural 
occurring radionuclides present in raw PG and 
consequently in the resulting building materials 
[12]. 
 
PHOSPHOGYPSUM AND THE RADIOACTIVITY 
PROBLEM  
 
 As mentioned above, PG contains relatively 
high levels of 238U-series radionuclides. Depending 
on the quality of the phosphate rock source, PG can 
contain as much as 60 times the levels normally 
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found prior to processing. The radionuclides 
concentration determined in various PG sources is 
illustrated in Table 1 [3, 13-15]. It is shown that all 
the different PG sources were low in 238U and that 
the 226Ra and 210Po constituted the most important 
radioactivity sources.  
 
Table 1. Activity concentrations of different type of 
phosphogypsum (Bq.kg-1) [3, 13-15] 
 
The 226Ra concentrations from various sources 
range from 15 to 1140Bq kg-1 for Sweden and 
Florida-USA, respectively. The United States 
Environmental Protection Agency (US-EPA) [16] 
has classified PG as a “Technologically Enhanced 
Naturally Occurring Radioactive Material” 
(TENORM).  
 The potential problem of PG is found to be the 
emanation of 222Rn from the alpha-decay of 226Ra. 
The radon has an intense radiation capacity and a 
short half-life of 3.8 days. The most important of its 
progenies, such as alpha emitters 218Po, 214Po and 
210Po are short-lived (0.2 ms-26.8 min), which 
causes significant damage to internal organs and 
consequently to be considered as a cause of lethal 
cancer cases (radionuclide classified by the 
USEPA, as a Group A human carcinogen). The 
annual effective dose equivalent from all sources of 
radiation in the environment in Europe is estimated 
to be 3.3mSv and doses of natural occurring 
radiation can reach about the 80% of this value [17]. 
The maximum regulatory limit of 222Rn exhalation 
rates (the flux density of 222Rn gas entering the 
atmosphere from the surface of a 226Ra-bearing 
material) established by the EPA [18] is 
0.74Bq/m2/s. The report on the Sources and Effects 
of Ionizing Radiation, UNSCEAR (United Nations 
Scientific Committee on the Effects of Atomic 
Radiation) [19] quoted a typical value of 900Bq.kg-1, 
while the international limit prescribed by European 
Atomic Commission (EURATOM) is 500Bq.kg-1 [20].  
 
BUILDING MATERIALS APPLICATION AND 
STANDARDS REGULATING RADIOACTIVITY 
 
 In spite of the presence of various impurities 
that can affect the strength and the quality of the 
product, PG has been extensively used in cement 
industry in place of natural gypsum. Chemical and 
thermal treatment processes were previously 
applied to minimize the negative effects of the 
pollutants. However, the incorporation of the PG in 
the building materials has been limited because of 
environmental concerns. Its use depends also on 
the availability of the low-cost natural gypsum and 
on the country and the governing laws.  
Various negative impacts have been associated 
with indoor exposure to ionizing radiation associated 
with building materials containing PG. It found that 
PG contains a high level of radionuclides than the 
majority of common building materials such as 
concretes, bricks, stones, etc. (Table 2) [21]. Thus, 
the use of PG in building materials may lead to an 
increment to the radiation doses to the inhabitants 
causes by the gamma emissions from each 
radionuclide itself or from its decay series.  
The radiation exposure from the building material 
can be divided into external and internal exposure. 
The first one is due to the direct gamma radiation 
and the second is mostly caused by the inhalation 
of 222Rn and its decay products. Simple models can 
be applied to the concentration results to calculate 
the external and internal irradiation for people living 
in a common house constructed with this material. 
For practical monitoring purpose, investigation 
levels can be presented in the form of an activity 
concentration index (I), Eq. (1) to ensure that the 
gamma dose rate inside a room due to the building 
materials does not exceed 1mSv.y-1.  
 
I = C (226Ra)/370 + C (232Th)/260 + C (40K)/4810 ≤ 1 (1) 
 
Where C (226Ra) is the 226Ra activity concentration 
expressed in Bq.Kg-1, C (232Th) is the 232Th activity 
concentration expressed in Bq.Kg-1, C (40K), is the 
40K activity concentration expressed in Bq.Kg-1.  
 
 The Ra equivalent concentration is 
calculated by the equation (2) and can be used on 
terms of maximum level for exclusion, exemption 
Origen  238U 226Ra 210Pb 210Po 230Th 
Spain [13] 220 670 520 - 8.2 
China [14] 15 85 82 80 - 
Indonesia [13] 43 473 480 450 - 
India [14] 60 510 490 420 - 
Egypt [15] 140 459 323 - 8.3 
Florida [3] 130 1140 1370 1030 113 
Australia [3] 10 500 - - - 
Sweden [3] 390 15 - - - 
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Table 2. Typical and maximum activity concentrations in common buildings materials and industrial by-products used for building 
materials in the Europe [21] 
 
and clearance of materials containing natural 
radioactivity. These limits are 40K 10Bq.g-1 and for 
natural radionuclides 1Bq.g-1.  
 
Ra (eq) = C(226Ra) + 1.43 C(232Th) + 0.077 C(40K) (2) 
 
 Radiation exposure due to radionuclides in 
building materials and from radon concentrations, 
especially in closed space, were regulated by 
numerous organisms, and among them, the most 
important are International Commission for 
Radiation Protection (ICRP, 1985), United  Nation 
Commission For Atomic Radiation Research 
(UNCEAR, 1988) and International Atomic Energy 
Agency (IAEA, 1984). Since 1990, the United 
States Environmental Protection Agency (USEPA) 
has completely prohibited the use of PG with a 
226Ra content which exceeds 370Bqkg-1 in most 
applications, including construction use [6]. In 
European Union, this use was discontinued by 
1992. The majority of the European countries apply 
the recommendation which considers that the 
population should not be exposed to more than 
0.7mSv of radiation from building materials (ICRP, 
UNCEAR and IAEA); therefore the total gamma 
radiation dose for radionuclides 40K, 226Ra and 
232Th should not exceed the limit of 1mSv/year. If 
this limit is respected, the 226Ra concentration will 
be limited and the indoor radon concentration 
established by European Commission 
Recommendation of 200Bq/m3 could not be easily 
exceeding. 
 
CONCLUSION 
 
 Nowadays the stricter environmental 
standards on land PG disposal make necessary the 
research on solving the environmental problem of 
the PG stacks by finding commercial and 
engineering uses for this waste. However and in 
view of the environmental problems related to the 
radiation exposure from the PG, the legislations 
and standard regulations on the limits levels of the 
natural radionuclides content must be respected 
and taken into account when PG is used for making 
construction products.  
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